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論文内容の要旨
The cavities of blood vessels and body organs are lined with sheets of epithelial cells. 
These cells display clearly defined apical-basolateral polarity, which means that proteins 
and lipids in their plasma membrane are asymmetrically distributed and define two 
distinct domains.  An apical domain of epithelial cells faces the lumen of the cavities, 
while a basolateral domain is in contact with the underlying extracellular matrix or 
neighboring cells.  The most widely used model for in vitro studies on epithelial cell 
polarity is MDCK II cell line.  MDCK II cells, when grown on synthetic supports, 
develop into two-dimensional (2D) monolayers, but when cultured in extracellular 
matrix analogues, they form three-dimensional (3D) spheroid-like cysts.  The 
characteristic feature of polarity establishment in growing MDCK II cells is transcytosis 
of a model apical protein podocalyxin (PCX) from the outer plasma membrane to the 
newly formed apical domain.  However, the exact route and regulation of its 
trafficking remain poorly understood.  Common regulators of membrane trafficking in 
all eukaryotic cells are Rab small GTPases.  In order to identify the candidate Rabs 
potentially engaged in PCX trafficking during polarity establishment, I performed a 
colocalization screening between PCX and all 60 mammalian Rabs.  Next, to verify 
which of them are effectively involved in PCX trafficking, I knocked down all 
colocalizing Rabs and investigated the PCX localization in each Rab knockdown-cells 
under 2D and 3D culture conditions.  These experiments, shown in Section I, revealed 
a surprising finding that, although endocytosed PCX travels through the same cellular 
compartments under both culture conditions, different sets of Rabs coordinate its 
trafficking during cell polarization into 2D and 3D structures.  In Section II, I focused 
on Rab35, whose depletion resulted in different phenotypes in 2D and 3D MDCK II cell 
cultures, and showed that in these two culture systems Rab35 regulates PCX trafficking 
through different effectors – OCRL in 2D monolayers and ACAP2 in 3D cysts.  In 
Section III, I analyzed another Rab protein, whose knockdown disrupted PCX 
trafficking in the knockdown screening from Section I – Rab12.  Depletion of Rab12 
or either of its two effectors, RILP and RILP-L1, resulted in partial retention of PCX in 
early endosomes (EE) and partial mislocalization to lysosomes and to the Golgi 
apparatus.  Depletion of Rab12 also severely decreased tubular appearance of early 
endosomal membranes.  Based on the findings presented in Section III, I postulate that 
Rab12, acting through RILP/RILP-L1 and a dynein motor, provides a pulling force 
along microtubules, which facilitates tubulation of early endosomal membranes 
















分子量 Gタンパク質 Rabに着目し、ポドカリキシン分子の輸送を制御する Rab分子の網羅
的な機能解析を行った。その結果、二つの培養系ではポドカリキシン分子が同様な経路で
輸送されるにも関わらず、異なるセットの Rab 分子により制御されるという意外な事実を
突き止めた。興味深いことに、二つの培養系で Rab35 は異なるエクフェター分子（二次元
モノレイヤーでは OCRL、三次元シストでは ACAP2）を結合することにより、ポドカリキ
シン分子の輸送の異なるステップ（二次元モノレイヤーではエンドソーム内の輸送過程、
三次元シストでは細胞内への取り込み過程）を制御していた。さらに、ポドカリキシン分
子の初期エンドソームでのソーティング過程の解析も行い、Rab12がエフェクター分子であ
る RILP/RILP-L1、ダイニンモーター、及びレトロマー複合体と相互作用することにより、
初期エンドソームからの管状構造とその後の小胞形成を促進する機構を解明することに成
功した。 
 以上のように、MROZOWSKA氏は当該研究分野において卓越した研究成果を挙げており、
自立して研究活動を行うに必要な高度の研究能力と学識を有するものと判断できる。した
がって、PAULINA S. MROZOWSKA氏の提出の論文は、博士（生命科学）の博士論文とし
て合格と認める。 
